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Abstract 
Research on simple laser made T RHS joints is presented. Experimental evidence of such joint behaviour tested in natural scale is 
described. Geometry and material properties of tested connections are given. For each specimen axial-deflection curves are presented. 
Yield line local push mechanism on front and front and bottom wall chord section is used to the theoretical estimation of the failure load. 
Preliminary design models for calculation and prediction of joints resistance is proposed. The comparison between theoretical, numerical 
models and experimental results is shown. Finally, some conclusions with regard to the possibility of resistance improvement by the 
double side joint solution are given. 
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1. Introduction 
Idea of push-pull type joints in application to steel truss made with RHS is the principle to this research. 
Laser technology, Figure 1, is used to create such contact area between the chord and branch RHS member which could 
transfer the joint local stresses only by squash and shear. The socket has been developed in the shape, Figure 2 & 3, which 
make possible transfer not only normal but also moment load from branch to the chord, [1]. Welds are not used what is a 
new idea for such type plug & play type joints.  In the paper experimental results of T RHS joints resistance are referred. 
The theoretical models and design formulas are also presented. Experimental results were compared with numerical models 
created in MES software. 
 
Fig. 1. Laser cut of lock 
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Fig. 2 & 3. Joint of branch and chord – concept 
2. Theoretical Estimation of joint resistance 
Szlendak & Oponowicz [3] studied resistance of such joint and use a double side yield line model of joint plastic failure 
(front wall – model I, and bottom wall – model II), see Figure 4. 
 
 
Fig. 4. Double side yield line model of T RHS joint plastic failure 
The energy of external force N: 
 Z N= ⋅δ  (1) 
2.1. Model I – upper wall of chord 
From geometry of mechanism occurs: 
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The energy dissipated in the yield lines is as follows, [3]: 
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After assumption that a shape of the laser cut hole on the face of chord is constant the coefficient k = const. When 
z = (x + kηb0) and because (1) could be equal to (2) so 
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After substituting value of c: 
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Finally, when values x, c and mpl are given, formula (3) could be presented as: 
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2.2. Model II – bottom wall of chord 
From geometry of mechanism occur formulas: 
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The energy dissipated in the yield lines is as follows, [3]: 
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After assumption that a shape of the laser cut hole on the face of chord is constant the coefficient k = const and because 
(1) could be equal to (8) so: 
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Finally, when values x, c and mpl are given, formula (9) is given as: 
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3. Experimental tests 
Eight T RHS laser made joints in natural scale were tested up to failure. All of them have the two side lock where face 
and bottom wall of chord member take part in the resistance of joint, as is shown in Figure 2 & 3.  In several steps the 
branch was loaded up to reach the failure load of joint. After each loading step, the joint was unloaded to measure the 
permanent deformations of the tested specimen. Typical joint failure was the inelastic deformation of the loaded top and top 
& bottom flange of chord. In Table 1 the geometry of the specimens and their mechanical properties are given. 
Displacements were measured by LVDT gauges. Registrations of results were made permanently during full loading and 
unloading process, up to failure.  
                                        Table 1. Geometrical dimensions and mechanical properties 
Geometrical dimensions Parameters 
No specimen RHS branch bn×hn mm Chord wall thick t0 mm β η λ0 = b0/t0 
WT2L1 40×40 3.0 0.40 0.40 33.3 
WT2L2 60×60 3.0 0.60 0.60 33.3 
WT2L3 80×80 3.0 0.80 0.80 33.3 
WT2L4 40×40 4.0 0.40 0.40 25.0 
WT2L5 60×60 4.0 0.60 0.60 25.0 
WT2L6 80×80 4.0 0.80 0.80 25.0 
WT2L7 40×40 5.0 0.40 0.40 20.0 
WT2L8 60×60 5.0 0.60 0.60 20.0 
 
Same dimension in joints: 
• RHS chord boxho  = 100×100 mm; 
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• branch wall thick tn = 3,0 mm; 
• Yield stress of chord fy0 = 335 MPa. 
4. Comparison of theoretical and experimental results 
In Figures 5 to 12 the axial force – deflection curves are presented. Five joints have been tested up to failure to check the 
influence of two side concept of joint. Unloading curves shows the end of elastic behaviour and the way how joints 
permanent deformations arise.  This gives possible to estimate the experimental elastic load of joint, see Table 2. Moreover, 
in Table 2 the theoretical and experimental resistance of joints are given. Theoretical predictions of joints resistance have 
been obtained from formula (7) and (12). As could be observed these formulas rather good estimates the real joints 
resistance. Joint failure limit deformation was adopted from welded RHS joints and it has been assumed 3t0. The symmetry 
of joint was used in numerical model. The numerical model was created in MES software to compare experimental results. 
On Figure 13 the deformation of the WT2L2 joint in MES software was shown. 
                  Table 2. Theoretical and experimental resistance of joints 
Specimen 
No 
Theoretical resistance 
(7+12)* Nteo [kN] 
Experimental resistance 
(elastic) Nexp [kN] 
MES software resistance 
(elastic) Nnum [kN] 
Nteo / Nexp Nnum / Nexp 
WT2L1 34.7 30 25 1.16 0.83 
WT2L2 48.7 37.4 37.4 1.30 1.00 
WT2L3 82.7 64 64 1.29 1.00 
WT2L4 61.8 45 45 1.37 1.00 
WT2L5 86.5 70 70 1.24 1.00 
WT2L6 146.9 110 93 1.34 0.85 
WT2L7 96.5 75 75 1.29 1.00 
WT2L8 135.2 112 96 1.21 0.86 
                  *Theoretical yield load has been calculated from formula (7+12) for joints WT2L1-WT2L8, where parameter k=0.25, p=0.25 was used 
 
Fig. 5. Load-deflection diagram for joint WT2L1 (β= 0,4) 
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Fig. 6. Load-deflection diagram for joint WT2L2 (β= 0,6) 
 
Fig. 7. Load-deflection diagram for joint WT2L3 (β= 0,8) 
 
Fig. 8. Load-deflection diagram for joint WT2L4 (β= 0,4) 
0
10
20
30
40
50
60
70
80
90
0 2 4 6 8 10
upper flange loading
upper flange unloading
bottom flange loading
bottom flange unloading
theoretical yeild load
MES soft. upp. fl. loading
MES soft bott. fl. loading
Przemieszczenie [mm]Przemieszczenie [mm]
WT2L2
Deflection [mm]
L
o
a
d
[k
N
]
0
10
20
30
40
50
60
70
80
90
100
0 1 2 3 4 5 6 7
upper flange loading
upper flange unloading
bottom flange loading
bottom flange unloading
theoretical yeild load
MES soft. upp. fl. loading
MES soft bott. fl. loading
Przemieszczenie [mm]Przemieszczenie [mm]Deflection [mm]
WT2L3
L
o
a
d
[k
N
]
0
15
30
45
60
75
90
105
0 2 4 6 8 10 12 14
upper flange loading
upper flange unloading
bottom flange loading
bottom flange unloading
theoretical yeild load
MES soft. upp. fl. loading
MES soft bott. fl. loading
Przemieszczenie [mm]Deflection [mm]Przemies ie [ m]
WT2L4
L
o
a
d
[k
N
]
1115 Jerzy K. Szlendak and Piotr L. Oponowicz /  Procedia Engineering  57 ( 2013 )  1109 – 1120 
 
Fig. 9. Load-deflection diagram for joint WT2L5 (β= 0,6) 
 
Fig. 10. Load-deflection diagram for joint WT2L6 (β= 0,8) 
 
Fig. 11. Load-deflection diagram for joint WT2L7 (β= 0,4) 
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Fig. 12. Load-deflection diagram for joint WT2L8 (β= 0,6) 
 
 
Fig. 13. Joint deformation from numerical model WT2L2 
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Fig. 14. Joint WT2L1after test (detail of branch in right corner) 
 
Fig. 15. Joint WT2L2 (failure of chord bottom wall) 
 
Fig. 16. Joint WT2L3 during test 
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Fig. 17. Joint WT2L4 after test (see face wall failure in right corner) 
 
Fig. 18. Joint WT2L5 during test 
 
Fig. 19. Joint WT2L6 chord bottom wall failure. 
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Fig. 20. Joint WT2L7 during test (see branch failure in left corner) 
 
Fig. 21. Joint WT2L8 chord bottom wall failure 
In Figures 14-21 different modes of failure, details and section of joints due and after failure are presented. The reduction 
coefficient for the design load ought to be adopted. The next experimental data should confirm that observation. 
5. Conclusions 
1. Formula (7) and (12) sufficiently predict the resistance of such joints.  
2. Permanent deformations of the loaded face of chord arise very quickly. 
3. Elastic resistance from numerical model is equal or a little less than elastic resistance from experimental tests.  
4. Numerical model from MES software could be use for prediction of behaviour of such RHS joints.  
5. For the presented joints shear of face plate in lock has not be decisive, however shear has been often the final mode of 
failure. 
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